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Two patients with anomalous origin of the left main 
coronary artery from the pulmonary artery had an as-
sociated defect (one, critical pulmonary stenosis; the other, 
ventricular septal defect). They presented with signs and 
symptoms of the associated defect and the coronary 
anomaly was unrecognized. Both cases at autopsy lacked 
Anomalous left coronary artery from the pulmonary artery 
is a rare congenital anomaly usually occurring as an isolated 
defect (1-3). Two cases in which a major additional cardiac 
defect was seen are reported. Differences in the patho-
physiology of anomalous left coronary artery from the pul-
monary artery as determined by the associated defects and 
the relation of these differences to the unsuccessful surgical 
outcome is presented. 
Case Reports 
Case J 
Clinical features (associated pulmonary stenosis). A 
24 year old hypertensive primigravida was delivered vag~­
nally at 42 weeks' gestation of a 2,400 g female infant with 
Apgar scores of 8 at 1 minute and at 5 minutes. The baby 
appeared postmature. Soon after birth, a grade 3 ejection 
murmur was noted over the pulmonary area. The second 
heart sound was prominent and there was a hyperactive 
precordium with full pulses. On follow-up examinations 
over the next few days, a prominent ejection click was 
noted. The ejection murmur became louder, the second heart 
sound diminished in intensity and the peripheral pulses be-
came less bounding. There was no evidence of congestive 
heart failure. A diagnosis of valvular pulmonary stenosis 
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the usual large right coronary artery seen with this 
anomaly. The pathophysiologic features of the combined 
defects are described, their differences from the isolated 
anomaly are noted and their relation to surgery is 
discussed. 
(J Am Coil CardioI1985;6:237-42) 
was made. An initial chest X-ray film showed clear lung 
fields and mild cardiac enlargement. The electrocardiogram 
was normal. The arterial blood gases on room air were 
normal. An echocardiogram, on day 1, demonstrated a 
thickened pulmonary valve. After 5 days, the infant was 
discharged. 
On follow-up at 2 weeks. the baby was mottled and dusky 
but vigorous and in no respiratory distress. She weighed 
2,880 g. A grade 4/6 ejection systolic murmur was present 
over the pulmonary area. The second heart sound was de-
creased in intensity and there was a prominent ejection click. 
The liver was palpable 2 to 3 cm below the right costal 
margin and the peripheral pulses were equal. Roentgeno-
gram documented additional cardiac enlargement, the elec-
trocardiogram showed severe right ventricular hypertrophy 
and P pulmonale and the echocardiogram showed right ven-
tricular hypertrophy and a thickened, poorly mobile pul-
monary valve. Unexpectedly, dilation of the left atrium and 
left ventricle had developed. The left ventricle had become 
markedly hypocontractile and the left ventricular posterior 
wall akinetic. 
The diagnosis of severe valvular pulmonary stenosis was 
made and cardiac catheterization carried out. The right 
ventricular pressure was suprasystemic, the left atrial pres-
sure elevated to a mean of 17 torr and cardiac output was 
low. Cineangiograms confirmed severe valvular pulmonary 
stenosis with a small left to right shunt at the atrial level 
and a dilated, poorly contracting left ventricle. 
Emergency open heart surgery was carried out shortly 
after the cardiac catheterization. Bypass was quickly achieved 
because of hypotension. A dysplastic, stenotic pulmonary 
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valve was identified and valvuloplasty with excision of some 
valve tissue was performed. Total bypass time was 22 min-
utes. The heart was difficult to defibrillate and, when bypass 
was discontinued, the left ventricle failed to maintain an 
effective output and the infant died in the operating room. 
Autopsy findings. The heart was enlarged, weighing 86 
g with evidence of right ventricular hypertrophy and left 
ventricular dilation. The right ventricular free wall measured 
6 mm compared with 4 mm on the left side. Remnants of 
dysplastic tissue were noted in the region of the pulmonary 
valve, and 3 mm above this (Fig. IA), the short left main 
coronary artery arose from the pUlmonary trunk posteriorly 
and subsequently distributed over the epicardium as the left 
anterior descending and circumflex branches. The right 
coronary artery arose normally from the right anterior aortic 
sinus of Valsalva and was dominant, giving origin to the 
posterior descending artery in the posterior interventricular 
groove. 
Histology. The entire free wall of both ventricles and 
the septum were submitted for histologic examination. Tis-
sue blocks were sectioned at 8 JLm and microscopic slides 
were stained with hematoxylin-eosin, elastic van Gieson and 
elastic trichrome combination stains. A subendocardial heal-
ing myocardial infarct of apparently uniform age was iden-
tified in the entire anterior wall of the left ventricle (Fig. 
10) from apex to base and involved the anterior two-thirds 
of the interventricular septum together with a small portion 
of the right ventricular apex anteriorly. Zones of central 
coagulative necrosis with numerous foci of dystrophic cal-
cification were surrounded by active granulation tissue con-
taining mononuclear inflammatory cells and early deposition 
of collagen. The infarct was limited in all sections to the 
inner one-half of the myocardium. Significant infarction was 
not seen in the posterior wall of the left ventricle, the pos-
terior one-third of the septum or the remainder of the right 
ventricle. There were small foci of endocardial fibroeIastosis 
overlying zones of infarction. 
The right ventricle demonstrated, in addition to hyper-
trophy and mild endocardial fibroelastosis, multiple sinus-
oidal channels near its apex which were seen to connect 
with the septal perforating branches of the left anterior de-
scending coronary artery. On microscopic examination of 
this region, these multiple sites of connection consisted of 
nonmuscularized channels which merged with native intra-
myocardial arteries and exhibited striking intimal prolifer-
ation at their junctions (Fig. IB). The associated left anterior 
descending intramural coronary artery branches showed me-
dial hypertrophy and intimal fibrous proliferation (Fig. Ie). 
Less prominent change involved the intramyocardial ram-
ifications of the obtuse marginal branch of the left circumflex 
artery. Sinusoids were present in anterior wall sections of 
the left ventricle (Fig. 10) and a peculiar localized spongy 
zone of dilated capillary size vessels and intervening atrophic 
myocardial fibers occupied the upper interventricular septum. 
Case 2 
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Clinical features (associated ventricular septal de-
fect). This female infant weighed 2,615 g at term and was 
noted to have a heart murmur at birth. Apgar scores were 
5 and 6 at 1 and 5 minutes, respectively. She was discharged 
from the hospital at 12 days of age weighing 2,552 g, and 
then referred to the clinic for evaluation of a heart murmur 
at 2 weeks of age. 
On physical examination, the palpated arm blood pres-
sure was 115 mm Hg. The heart rate was 132/min and 
respirations were 40/min. A grade 3/6 systolic murmur was 
heard best at the third left interspace and radiated to the 
aortic area. There was no diastolic murmur or gallop. The 
second heart sound was well split and accentuated. A chest 
X-ray film showed a slightly enlarged globular heart with 
normal pulmonary vascularity. An electrocardiogram showed 
an interventricular conduction disturbance with flat ST seg-
ments, but the T waves were upright. M-mode echocardi-
ography revealed a small aortic root. The left ventricle was 
large but left ventricular function was normal. She returned 
I week later and the murmur was louder, the precordium 
was active and pulmonary flow by X-ray examination had 
increased. Digoxin therapy was begun. At 2 months of age, 
bilateral rales and wheezes were noted that responded during 
hospitalization to parenteral furosemide. 
Cardiac catheterization demonstrated a left to right shunt 
at the ventricular level with pulmonary hypertension and 
moderately elevated pulmonary vascular resistance. She was 
discharged on treatment with furosemide and digoxin. By 
4 months of age, she weighed 4.2 kg and lung sounds were 
normal. At 7 months of age, a chest X-ray film showed 
marked cardiomegaly and the electrocardiogram biphasic T 
waves in leads V 4 to V 6. 
At 9 months of age, she underwent elective surgical re-
pair. The ventricular septal defect was closed by way of a 
right atriotomy. Aortic cross-clamp time was 45 minutes. 
At the termination of cardiopulmonary bypass, left ventric-
ular function was poor while the right ventricle visibly con-
tracted quite well. An anomaly of the left coronary artery 
was suspected and the child was placed back on cardio-
pUlmonary bypass. The pulmonary artery was opened and 
an anomalous left coronary artery from the pUlmonary artery 
was identified. A tunnel was constructed inside the pul-
monary artery to permit the aorta to perfuse this coronary 
artery. After bypass was terminated, left ventricular function 
was poor and, despite catecholamine support, the infant died 
in the operating room. 
Autopsy findings. Limited autopsy allowed only for gross 
inspection and removal of representative tissue blocks from 
the heart. The epicardial right coronary artery system was 
prominent while the left coronary system was inconspicu-
ous. The heart exhibited biventricular hypertrophy. A 1.2 
cm Dacron patch covered the membranous ventricular septal 
defect. Inspection of the pulmonary artery revealed an intact 
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Figure 1. A, Opened right ventricular outflow tract and pulmonary 
artery trunk. demonstrating the anomalous left coronary artery os-
tium (arrow) arising posteriorly in the pulmonary artery trunk, 
and remnants of the dysplastic pulmonary valve below. B, Mi-
croscopic section of a right ventricular apical sinusoid near its 
junction with a coronary artery branch. The channel demonstrates 
a fibrous wall but lacks muscle or an elastic lamina. Elastic-tri-
chrome combination stain, x 100, reduced by 19%. C, Septal 
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perforating branch from the left anterior descending coronary ar-
tery, located in the interventricular septum near the apex, showing 
medial muscular hypertrophy and intimal thickening. Elastic van 
Gieson stain, x 250, reduced by 20%. D, Endocardium of mid zone 
anterior wall of left ventricle showing prominent sinusoidal tra-
beculations and zones of coagulative necrosis of myocardium with 
granular appearing foci of dystrophic calcification (arrows). 
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tunnel suture line and the presence of a small ductus arte-
riosus (with intact surgical ligation). The surgical tunnel 
anastomosis was probe patent and the left main coronary 
artery was found to divide normally into the left anterior 
descending and circumflex branches. The left atrium was 
dilated and showed moderate endocardial fibroelastosis (Fig. 
2A). The leaflets of the mitral valve were mildly thickened 
and dysplastic. 
The left ventricular wall sections showed no generalized 
endocardial fibroelastosis. In the left ventricle and left an-
terolateral papillary muscle, there was evidence of old and 
recent ischemic injury. The former was characterized by 
subendocardial areas of fibrosis and foci of dystrophic cal-
cification within the papillary muscle (Fig. 2B). Adjacent 
acute ischemic changes in the myocardium were character-
ized by subendocardial zones of contraction band necrosis. 
The epicardial and mural left coronary artery systems were 
distinctly underdeveloped and microscopically, these ves-
sels were thin-walled and dilated. In microscopic sections 
of the right ventricle, the epicardial and intramural coronary 
artery branches were thick-walled with hypertrophy of the 
media and some perivascular fibrosis. The microscopic ex-
amination of the lungs revealed mild pulmonary hyperten-
sive vascular changes. 
Discussion 
Association of anomalous left coronary artery from the 
pulmonary artery with other structural heart defects is un-
common. In those cases where they have occurred, ven-
tricular septal defect (3-6) and tetralogy of Fallot (6,7) are 
A 
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the most frequently described. However, we have been un-
able to identify a single other reported case of the association 
of anomalous left coronary artery from the pulmonary artery 
with isolated severe valvular pulmonary stenosis. 
Clinical manifestations. Both patients presented here 
came to medical attention with signs and symptoms related 
to the associated defects rather than the coronary anomaly. 
The patient with valvular pulmonary stenosis had findings 
of right ventricular outflow obstruction of a severe degree 
from birth, but had the unusual feature of significant left 
ventricular dysfunction at 3 weeks of age. The patient with 
an associated ventricular septal defect had evidence of in-
terventricular shunting and the development of pulmonary 
hypertension. 
Coronary perfusion. In the usual patient with isolated 
anomalous left coronary artery from the pulmonary artery, 
prenatal coronary perfusion would be expected to be fairly 
normal because the pulmonary artery pressure as well as 
pulmonary artery oxygen concentration would be similar to 
that in the aorta (8). After birth, the expected reduction in 
pulmonary artery pressure and resistance would result in 
severe left ventricular myocardial ischemia unless adequate 
collateral channels between the right and left coronary ar-
teries were present. In the setting of associated severe val-
vular pulmonary stenosis, adequate prenatal coronary per-
fusion of the left ventricular myocardium would depend on 
flow through the ductus arteriosus. Postnatally, compromise 
of coronary perfusion would occur with closure of the duc-
tus. On the other hand, in infancy, an associated ventricular 
septal defect would not change the prenatal coronary per-
fusion. In the setting of an associated ventricular septal 
defect and high pUlmonary vascular resistance, left ventric-
Figure 2. A, Microscopic section 
of the endocardium of the left atrial 
appendage demonstrating moder-
ate fibroelastosis (arrows). Elas-
tic-trichrome combination, X 4, 
reduced by 20%. B, Microscopic 
section of the anterior left ventric-
ular papillary muscle showing 
scarring and dystrophic calcifica-
tion. Elastic-trichrome combina-
tion, x 100, reduced by 19%. 
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ular myocardial perfusion should be adequate if the left to 
right shunt allowed for well oxygenated blood to perfuse 
the left coronary circulation at near systemic pressure (4). 
Development of endocardial fibroelastosis. A frequent 
gross finding at the time of autopsy in isolated anomalous 
left coronary artery from the pulmonary artery is striking 
left ventricular endocardial fibroelastosis (I). The postulated 
mechanism for the development of endocardial fibroelastosis 
in this setting is subendocardial ischemic injury (9,10), Our 
Case 1 with associated pulmonary stenosis had considerable 
endocardial fibroelastosis of the left ventricle, whereas Case 
2 with an associated ventricular septal defect did not. Two 
factors, pressure and flow, created more favorable left ven-
tricular mural perfusion in the ventricular septal defect case. 
The lack of these same factors promoted the development 
of left ventricular myocardial dysfunction and endocardial 
fibroelastosis in the patient with pulmonary stenosis. 
Role of tbe right coronary artery. Both patients pre-
sented here lacked the dilation and tortuosity of the epicar-
dial right coronary artery that usually accompanies the in-
creased flow through this vessel that is observed by a few 
months of life in isolated anomalous left coronary artery 
from the pulmonary artery (1,3). In the presence of an 
associated ventricular septal defect with nearly adequate 
anterograde left ventricular coronary perfusion from the pul-
monary artery, the stimulus for increased flow by way of 
collateral channels and subsequent dilation of the right coro-
nary artery is absent (4), 
A more complex explanation for a nearly normal-sized 
right coronary artery in the patient with associated pulmo-
nary stenosis was clarified at autopsy by demonstration of 
ventriculocoronary connections between the apex of the right 
ventricular cavity and the branches of the left anterior de-
scending coronary artery, These connections probably pro-
vided adequate intramyocardial coronary perfusion of the 
left ventricle during intrauterine life. After birth, the high 
right ventricular pressure probably contributed to persistent 
patency of the mural sinusoids, thus allowing for continued 
anomalous anterograde systolic blood flow from the right 
ventricle by way of the ventriculocoronary connections to 
the branches of the left anterior descending coronary artery. 
However, postnatally this distal left anterior descending 
coronary artery perfusion would be with desaturated blood 
even if the communications provided the main source of left 
ventricular intramyocardial perfusion. The deterioration in 
left ventricular function noted echocardiographically be-
tween day I and 3 weeks of age supports this hypothesis. 
Surgical considerations. The surgical relief of the pul-
monary obstruction may have further jeopardized an already 
ischemic dependent myocardium of the left ventricle and 
probably contributed to the fatal operative outcome. The 
histologic findings that support the hypothesis that the left 
anterior descending coronary system was perfused postna-
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tally primarily from the right ventricle include the distri-
bution of established infarction within the left ventricle and 
the presence of hypertensive changes in this vascular bed. 
These mural vascular changes can result from high pressure 
or flow and once established could be the basis for higher 
vascular resistance. On the other hand, perfusion of the left 
circumflex coronary artery bed was likely from collateral 
channels from the dominant right coronary artery. 
Ventriculocoronary connections. At autopsy, ven-
triculocoronary connections are frequently observed in the 
wall of the obstructed ventricle of pulmonary valve atresia 
with intact ventricular septum (hypoplastic right heart syn-
drome) ( 11-15) and in the wall of the left ventricle of aortic 
valve atresia with intact ventricular septum (hypoplastic left 
heart syndrome) (16-19). In the former, they are thought 
to represent a clinically significant mode of egress of blood 
at high pressure from the totally obstructed hypertensive 
ventricular chamber into the coronary vascular bed (15). 
These connections are frequently observed between the right 
ventricular apex and the overlying left anterior descending 
coronary branches (\ 2,15), and on review of the preoper-
ative angiogram in Case I, we could identify apical right 
ventricular distortion corresponding to the region of micro-
scopic demonstration of the connections at autopsy. Sub-
endocardial sinusoidal channels were also identified in the 
left ventricle of this patient (Fig. 10). However, connection 
to the related mural coronary artery branches could not be 
documented, raising the question of when and if these ven-
triculocoronary connections closed ( 15). The mechanism for 
persistence of these channels in the unobstructed left side 
of the heart in this setting is unknown but suggests that some 
other mechanism for developmental persistence of these 
structures exists other than high pressure in the ventricle. 
In previous reports (1) of isolated anomalous left coronary 
artery from the pulmonary artery with a microscopic de-
scription of the left ventricle, persistent sinusoidal channels 
were described in a significant number of cases. 
Clinical implications. Anomalous left coronary artery 
from the pulmonary artery, when associated with other 
structural congenital heart anomalies, is likely to present 
initially with signs and symptoms of the associated defect. 
Abnormal left ventricular function, poor cardiac output, 
cardiac enlargement on chest X-ray film, T wave changes 
by electrocardiogram or echocardiographic evidence of 
unexplained left ventricular deterioration should suggest a 
possible abnormality of the coronary artery. Aortic root 
injections should be performed during catheterization in such 
patients. 
The different findings at autopsy in these two cases in-
dicate that the associated defect modified the pathophys-
iology to such an extent that each case must be considered 
separately. Accurate preoperative recognition of the coro-
nary artery anomaly is necessary for an anticipated suc-
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cessful outcome. Surgery must be planned to ensure main-
tenance of left ventricular perfusion while the associated 
defect is palliated or corrected. 
References 
1. Wesselhoeft H, Fawcett JS, Johnson AL. Anomalous origin of the 
left coronary artery from the pulmonary trunk: its clinical spectrum, 
pathology, and pathophysiology, based on a review of 140 cases with 
seven further cases. Circulation 1968;38:403-25. 
2. Ogden J. Congenital anomalies of the coronary arteries. Am J Cardiol 
1970;25:474-9. 
3. Askenazi J, Nadas AS. Anomalous left coronary artery originating 
from the pulmonary artery: report on 15 cases. Circulation 1975; 
51 :976-87. 
4. Pinsky WW, Gillette Pc' Duff OF, et al. Anomalous origin of left 
coronary artery from the pulmonary artery with ventricular septal 
defect. Circulation 1978 ;57: 1026-30. 
5. Rao BNS, Lucas RV, Edwards JE. Anomalous origin of the left 
coronary artery from the right pulmonary artery associated with ven-
tricular septal defect. Chest 1970;58:616-20. 
6. Wilcox WD, Hagler OJ, Lie IT, Danielson GK, Smith HC, Fulton 
RE. Anomalous origin of left coronary artery from pulmonary artery 
in association with intracardiac lesions: report of two cases. J Thorac 
Cardiovasc Surg 1979;78: 12-20. 
7. Masel LF. Tetralogy of Fallot with origin of the left coronary from 
the right pulmonary artery. Med J Aust 1960;1:213-7. 
8. Edwards lE. The direction of blood flow in coronary arteries arising 
from the pulmonary trunk (editorial). Circulation 1964;29:163-6. 
9. Weinberg T, Himelfarb AJ. Endocardial fibroelastosis (so called fetal 
endocarditis): a report of two cases occurring in siblings. Bull Johns 
Hopkins Hosp 1943;72:299-306. 
JACC Vol. 6, No. I 
July 1985:237-42 
10. Black-Schaffer B. Infantile endocardial fibroelastosis: a suggested 
etiology. Arch Pathol 1957;63:281-306. 
II. O'Connor WN, Cottrill CM, Johnson GL, Noonan JA. Todd EP. 
Pulmonary atresia with intact ventricular septum and ventriculoco-
ronary communications: surgical significance. Circulation 1982;65: 
805-9. 
12. Lauer RM, Fink HP, Petry EL, Dunn MI, Diehl AM. Angiographic 
demonstration of intramyocardial sinusoids in pulmonary-valve atresia 
with intact ventricular septum and hypoplastic right ventricle. N Engl 
J Med 1964;271 :68-72. 
13. Sissman NJ, Abrams HL. Bidirectional shunting in a coronary artery-
right ventricular fistula associated with pulmonary atresia and intact 
ventricular septum. Circulation 1965;32:582-8. 
14. Cornell SH. Myocardial sinusoids in pUlmonary valvular atresia. Ra-
diology 1966;86:421-4. 
15. Freedom RM, Harrington DP. Contributions of intramyocardial si-
nusoids in pulmonary atresia and intact ventricular septum to a right 
sided circular shunt. Br Heart J 1974;36:1061-5. 
16. O'Connor WN, Cash lB, Cottrill CM, Johnson GL, Noonan JA. 
Ventriculocoronary connections in hypoplastic left hearts: an autopsy 
microscopic study. Circulation 1982;66: 1078-86. 
17. Esterly JR, Oppenheimer EH. Some aspects of cardiac pathology in 
infancy and childhood: myocardial and coronary lesions in cardiac 
malformations. Pediatrics 1967 ;39: 896-903. 
18. Vlodaver Z, Neufeld H, Edwards JE. Histologic findings in coronary 
arteries in congenital heart disease and metabolic disease. In: Vlodaver 
Z, ed. Coronary Arterial Variations in the Normal Heart and in Con-
genital Heart Disease. New York: Academic Press, 1975:154. 
19. MacMahon HE, Dickinson PCT. Occlusive fibroelastosis of coronary 
arteries in the newborn. Circulation 1967;35:3-9. 
